ABSTRACT To study the clinical usefulness of computed tomography (CT) scanning of the thorax in asbestos related pleuropulmonary disease, 127 long term asbestos workers of the mines and mills in the Eastern Townships of Quebec were examined. The CT scan was compared with the standard posteroanterior (PA) chest film and the four view films using the ILO grading system for profusion of disease. Six lung areas and six pleural sites were studied. On the basis of the usual diagnostic criteria, 41 % of the workers had asbestosis. For profusion of parenchymal disease, there was an excellent correlation (r = 0*96, p < 0.00 1) between PA and four view films and the latter did not significantly increase the total profusion score; the CT scan correlated less well with the PA film (r = 0-79, p < 0-01) and the scatter of the data was larger. In 10 of the 53 (19%) workers with asbestosis the pulmonary lesions were not recognised by CT scan. For profusion of pleural plaques, there was an excellent correlation (p = 0-91, p < 0.001) between PA and four view films; scores were identical in 73%, higher for PA in 7%, and higher for four view films in 19%. CT scan scores, however, were identical with PA films in 31 %, higher for CT scan in 13% (owing to higher scores on lateral pleural sites), and lower for CT scan in 56% (owing to lower scores at diaphragm and costophrenic angle sites). Pleural calcifications were identified in 24 workers for a total of 40 sites; 13 as possible, 31% identified by two modes, and 27 as definite. Of the latter, 14 were seen only on CT scan. In the workers with rigid pressure volume curve of the lung and increased Gallium-67 lung uptake only, CT scan total scores were not significantly higher than in those without these markers of early interstitial lung disease (5 
higher than in those without these markers of early interstitial lung disease (5 + tions of patients have found that the CT scan was significantly more sensitive than conventional chest x rays in the detection of disease, but its routine use in the evaluation of asbestos workers is still open to question.
To study the usefulness of the CT scan in the setting of a workman compensation board examination, we obtained a CT scan of the thorax in 127 long term asbestos workers who were concomittantly evaluated for pleuropulmonary disease by conventional posteroanterior (PA), lateral and oblique (4 view) x rays, and clinical and functional evaluations. 373 Begin, Boctor, Bergeron, Cantin, Berthiaume, Ploquin, Bisson, and Lamoureux Materials and methods
PATIENTS
The average age of the 127 workers in the study was 58 ± 3 (SE) years (range 40-72) and they had been exposed to Canadian chrysotile asbestos only in the mines and mills of the Eastern Townships of Quebec for an average 29 + 3 years (range ; they had no history of pulmonary disease. On the basis of job record and occupational history, these workers had, on average, been heavily exposed to asbestos dust during the first 10 years of employment, moderately exposed during the following 10 years, and had lower exposure during their most recent years of employment as their employers have been complying with the 2 fibres per cc of air threshold limit value regulation in Quebec. Ninety per cent were either current or ex-cigarette smokers and had smoked, on average 29 + 3 pack-years.
CLINICAL EVALUATION
All patients had a history and complete physical examination with emphasis on the detection of abnormalities suggestive of asbestosis.' More specifically, a questionnaire directed at eliciting respiratory symptoms and factors associated with chronic obstructive pulmonary disease, lifetime smoking habits, and occupational history was administered.8 From the companies' work records, we were able to calculate exposure time for each job and to estimate asbestos dust on a scale of 0 to 3 in the different working areas. An asbestos dust exposure index derived from the exposure time and estimate of dust exposure was computed for each worker. The presence of inspiratory rales was graded as follows: grade 0 = no rales; grade 0 5 = unilateral end inspiratory rales unchanged by coughing and deep breathing; grade 1 = fine end inspiratory rales at both lung bases unchanged by the above manoeuvres; grade 2 = mid and end inspiratory rales unchanged by the above manoeuvres; grade 3 = abundant rales during more than half of inspiratory capacity and unchanged by the above manoeuvres.9
CHEST X RAY Standard high kilovoltage posteroanterior, lateral, and oblique films were obtained at maximal inspiration. The lung parenchyma was graded for profusion of small opacities by three observers according to -the ILO classification.'0 The profusion of irregular opacities was scored on a linear scale of 0 to 10; grade 0/-and 0/0 = 0; 0/1 = 1; 1/0 = 2; 1/1 = 3; 1/2 = 4; 2/1 = 5; 2/2 = 6; 2/3 = 7; 3/2 = 8; 3/3 = 9; 3/4 = 10. For the purpose of defining the presence and nature of the disease in our workers, we divided the population into three subsets: group A was composed of 44 workers who did not meet the diagnostic criteria for asbestosis, did not have a rigid lung P-V curve, and had a normal Ga 67 lung scan; the 30 workers in group B also did not meet the diagnostic criteria for asbestosis but had a rigid lung P-V curve or an increased lung uptake of Ga 67 (26/30 had both), or both; the other 53 patients in group C met the diagnostic criteria for the disease, the P-V curve was rigid in all, and in 45 the Ga-67 lung uptake increased. Figure 1 shows the non-radiological data of the population divided into three subsets based on diagnostic criteria. The three subsets did not differ in terms of age and cigarette smoking index, but the workers in group B had a significantly higher asbestos exposure index (AE1 (p < 0.05). The profusion of rales was scored significantly higher only in the workers with established asbestosis (group C) but but the Ga 67 lung uptake was significantly higher in groups B and C than in group A. In the latter group Ga 67 lung uptake did not differ from a group of control subjects with similar smoking habits. ' Figure 2 shows the analysis of the total profusion score of pleuropulmonary disease as assessed by the three radiological studies. The three methods yielded comparable results except for a larger dispersion of the CT scan data, which did not correlate as strongly with the PA score as did the four view scores (p = 0-78 for PA v CT and p = 0-97 for PA v 4 V). Furthermore, there was no significant relationship between the indices of total profusion of disease by either method and the asbestos exposure index (r = 0-02) or the cigarette smoking index (r = 0-07). The group B scores did not differ significantly between methods. 
PROFUSION OF PARENCHYMAL OPACITIES
As may be seen in fig 3, a similar assessment of parenchymal disease was obtained from the PA, four view, and CT scan methods but, again, the individual variations were wider for the CT scan. As expected, profusion scores were higher in the middle and lower lung fields. Again the group B scores (total and for each lung field) did not differ between methods. In 10 of the 53 (19%) workers with the disease (group C) the lung process was not recognised by the CT scan.
PLEURAL PLAQUES
The highest overall score for pleural thickening without associated calcification was obtained by four view films, followed by PA film and CT scan (fig 4) . 
Discussion
This study of 127 asbestos workers evaluated in the setting of a workman compensation board examination confirms our previous report on a smaller sample of workers.9 Among long term asbestos workers without sufficient diagnostic criteria for asbestosis, a subset of workers (41%) had an abnormally rigid P-V curve of the lung and enhanced Ga 67 lung uptake without category 1 chest radiograph changes or audible rales (fig 1) . Because these early functional changes were associated with histopathological evidence of macrophagic and monocytic peribronchiolar alveolitis in man and in the sheep model,9 we suggest that they detect early asbestos induced inflammatory changes in the lung that could lead to pulmonary fibrosis.
As the CT scan was reported to be more sensitive than the conventional chest x ray56 or pulmonary function tests'7 for detecting early interstitial lung disease, we obtained a CT scan for these asbestos workers. The potential of the CT scan for the detection of pleuropulmonary disease was assessed by grading the profusion of pleural and pulmonary disease in a setting independent of the compensation board examination and without access to the information gathered for the board examination. The results were then compared with the grading from the PA film alone and from four view films also obtained independently. Our analysis of the total scores of the pleuropulmonary changes (fig 2) and profusion of parenchymal opacities (fig 3) shows that the three methods can detect about the same total amount of abnormalities in each subset of workers, which is at variance with previous clinical reports.56 Pleural plaques were scored slightly higher on the four view films than on the PA film, in agreement with a previous report comparing these methods,'8 but pleural plaques were scored significantly lower on the CT scan, mostly because of the lower yields at the costophrenic angles and diaphragms. The largest discrepancies between the three methods were observed in the evaluation of pleural calcifications. On PA films, calcified pleural plaques were often suspected but could be confirmed by one of the other methods in only two of nine cases. Of the 27 definite pleural calcifications detected in our 127 asbestos workers, however, 14 were detected only by CT scan (fig 6) and all those detected by the PA and four view films were also observed on the CT scan.
Our data on asbestos workers without sufficient criteria for asbestosis but with rigid P-V curve and increased Ga 67 lung uptake (group B) (fig 1) , show that the CT scan does not detect significantly more pleuropulmonary abnormalities than PA films. With both methods, workers in group B could not be separated from those in group A, the workers without asbestosis and with normal lung P-V curve and normal Ga 67 scan (figs 2-5).
In conclusion, this study suggests that in the routine evaluation of pleuropulmonary disease in asbestos workers four view films and CT scan of the thorax add only marginal information to what has already been gained from the conventional PA x ray. Furthermore, the CT scan does not detect the early asbestos induced inflammatory changes seen on the P-V curve of the lung, Ga 67 lung scan, and lung biopsies, and thus is of little help in that regard. The CT scan, however, does provide a better spatial view of the disease process and can identify significantly more pleural calcifications than PA or four view films. The usefulness of CT scan in the setting of workman compensation board examination should be limited to the study of workers with unusual pleuropulmonary features on PA films and those with PA film changes associated with low or uncertain asbestos exposure where the identification of calcified pleural plaques would support the clinical diagnosis of asbestosis.
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